The Escherichia coli BglG protein antiterminates transcription at two terminator sites within the bgl operon in response to the presence of ␤-glucosides in the growth medium. BglG was previously shown to be an RNAbinding protein that recognizes a specific sequence located just upstream of each of the terminators and partially overlapping with them. We show here that BglG also binds to the E. coli RNA polymerase, both in vivo and in vitro. By using several techniques, we identified the ␤ subunit of RNA polymerase as the target for BglG binding. The region that contains the binding site for BglG was mapped to the Nterminal region of ␤. The ␤ subunit, produced in excess, prevented BglG activity as a transcriptional antiterminator. Possible roles of the interaction between BglG and the polymerase ␤ subunit are discussed.
The bgl operon in Escherichia coli, induced by ␤-glucosides, is regulated by two of its gene products, BglG, a transcriptional regulator, and BglF, a membrane-bound sensor (1) . Transcription from the bgl promoter initiates constitutively, but in the absence of inducer, most transcripts terminate prematurely at one of two -independent terminators within the operon; in the presence of inducer, BglG prevents termination at these sites (2, 3) . The mechanism by which BglG antiterminates transcription differs from the antitermination mechanisms which operate in and the mechanisms of attenuation at amino acid biosynthetic operons, as well as at the pyrB1 and ampC operons (4) . BglG is an RNA-binding protein that recognizes and binds to a specific sequence on the bgl transcript, which partially overlaps with each of the bgl terminators (5) . BglF, the ␤-glucosides phosphotransferase, regulates the activity of BglG by reversible phosphorylation (6) (7) (8) (9) , which modulates BglG dimeric state (10) . The phosphorylation and dimerization sites on BglG were recently mapped (11) (12) (13) .
Systems that resemble the bgl system were identified in different organisms (14) . The most studied are the two sac systems in Bacillus subtilis, which regulate transcription of sacB and sacPA according to sucrose availability. Expression of these loci is regulated at the level of transcription antitermination by the two BglG homologues, SacY and SacT, respectively (15) (16) (17) . Similarly to BglG, SacY is reversibly phosphorylated in vivo (18) . The RNA sequences recognized by SacY and SacT closely resemble the target site for BglG in the bgl transcript (19, 16) and also have the potential to fold into a stem-loop structure that partially overlaps with the respective terminators (5, 20) . † It was suggested that the antiterminators of the BglG family block the formation of the terminator structures by stabilizing an alternative RNA conformation. The question then arises as to whether interaction with the nascent RNA chain is sufficient for implementing antitermination or additional interactions with the transcription machinery are required. In this paper we provide both in vivo and in vitro evidence for the interaction of BglG with the ␤Ј subunit of E. coli RNA polymerase (RNAP). The interaction site is contained within the first 517 aa of ␤Ј. Overexpression of ␤Ј titrated BglG in vivo and therefore prevented it from functioning as a transcriptional antiterminator.
MATERIALS AND METHODS
Plasmids. Some plasmids used in this work are listed in Table 1 . pT7FH-G carries the bglG gene (6) . pGP1-2 carries the T7 RNAP gene under control of CI857 repressor (BRL). pMBP-BglG, obtained from A. Wright, carries a fusion between malE and the entire bglG gene cloned downstream of P tac promoter. Plasmids pLAX185 (21), pMKSe2 (22) , and pT7␤Ј (23) encode the ␣, ␤, and ␤Ј subunits of E. coli RNAP, respectively. pMKA201 (24) codes for ␤Ј with a C-terminal hexahistidine tag; the rpoC gene is cloned downstream from tandem P lac and P T7 (⌽10P) promoters. A pMKA201 derivative, which expresses ␤Ј first 517 residues fused to its last 142 residues [␤Ј-(1-517 and 1266-1407)], was obtained from K. Severinov. The plasmids that express either ␤Ј first 876 residues or ␤Ј last 863 residues [␤Ј-(1-876) and ␤Ј-(545-1407), respectively] were derived from pMKA201 (25) . The plasmid that encodes ␤Ј last 547 residues [␤Ј-(877-1407)] was obtained by treating pT7␤Ј with HindIII (cuts once downstream of the rpoC gene) and SalI (cuts once at rpoC codon 877), flushing the ends with Klenow DNA polymerase, and religating.
Media. Enriched and minimal media were prepared as described (26) . The minimal medium used for 35 S-labeling (27) (27) . Cells were harvested by centrifugation, washed with 10 mM Tris⅐HCl (pH 7.9), and resuspended in 20% sucrose (wt͞vol) and 0.03 M Tris⅐HCl followed by incubation with 0.1 mg lysozyme in 0.1 M EDTA for 30 min on ice. Extracts were frozen and thawed four times and then centrifuged at 9,000 ϫ g for 5 min. The supernatant was stored at Ϫ70°C or used directly in the coimmunoprecipitation assays.
Purification of Maltose-Binding Protein (MBP)-BglG. Expression and purification of MBP-BglG were carried out in E.
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PNAS is available online at www.pnas.org. lacZ⌬M15 Tn10), (Stratagene)] containing pMKA201 and its derivatives, which encode the truncated ␤Ј proteins, ␤Ј-(1-517 and 1266-1407), ␤Ј-(1-876) and ␤Ј-(545-1407), and E. coli BL21(DE3) cells containing a plasmid that encodes the truncated ␤Ј protein ␤Ј-(877-1407) were grown at 30°C to an OD 600 of 0.5 in LB containing ampicillin. Isoprophyl ␤-D-thiogalactoside (IPTG) was added to a final concentration of 0.5 mM. Cells were grown for an additional 2.5 h (the OD 600 was Ϸ1) and harvested by centrifugation.
Electrophoresis and Immunoblotting. Proteins were fractionated on an SDS͞8% polyacrylamide gel (30) and blotted onto a nitrocellulose filter (31) . After blocking with 1% fat milk for 1 h at room temperature, the filter was incubated with either anti-MBP antiserum (New England Biolabs) or anti-RNAP holoenzyme antiserum (from A. Ishihama), diluted 1:10,000 in 1% fat milk, or with monoclonal antibodies against the individual RNAP subunits (from A. Goldfarb), diluted 1:5,000, for 16 h at 4°C with gentle mixing. After three washes of 5 min in PBS containing 0.01% Tween 20, the filter was incubated for 30 min at room temperature with horseradish peroxidase-conjugated goat anti-rabbit IgGs or IgMs (Jackon ImmunoResearch), which were diluted 1:20,000 in PBS containing 0.1% Tween 20. The filter was then washed three times in PBS for 5 min. Binding of the antibodies to the filter was probed by using the enhanced chemiluminescence (ECL) light-based detection procedure (Amersham Pharmacia) and visualized by autoradiography.
Coimmunoprecipitation. RNAP holoenzyme (Boehringer Mannheim) or individual RNAP subunits, ␣, ␤, or ␤Ј, were mixed with either MBP-BglG or MBP in equimolar amounts in binding buffer (25 mM Tris⅐HCl, pH 7.5͞150 mM NaCl͞ 0.25% Triton X-100͞5 mM EDTA͞0.1% BSA͞0.2 mM PMSF). The protein mixtures (200 l) were rotated gently at 4°C for 16 h. In parallel, Protein A-Sepharose (Amersham Pharmacia; 25 l) was incubated with either anti-MBP antiserum or anti-RNAP holoenzyme antiserum or mAb against the individual RNAP subunits for 16 h, at 4°C in PBS. The Ab-coated Protein A was added to each of the above protein mixtures, and incubation was continued at room temperature for 2 h with slow mixing.
Immunoprecipitation of [
35 S]BglG with RNAP from cell extracts, using anti-RNAP holoenzyme antiserum, was carried out essentially as described (6).
The Protein A-Sepharose-bound proteins, obtained by centrifugation, were washed three times with binding buffer and resuspended in electrophoresis sample buffer (30) . After boiling and removal of insoluble material by centrifugation, the supernatants were analyzed by using SDS͞PAGE. When using [ 35 S]BglG, the gels were dried and exposed to Kodak XAR-5-ray film. Otherwise, antibodies against the appropriate proteins were used to probe for precipitation as described above.
Far-Western Analysis. SDS͞polyacrylamide gel-fractionated proteins (approximately 5 g of protein per lane) were transferred to a nitrocellulose filter. Denaturation, renaturation, and blocking with BSA were done as described (32) . The filter was incubated with 5 g of the appropriate secondary protein (indicated in the text) for 16 h at 4°C, followed by three washes of 5 min in PBS containing 0.1% Tween 20. To detect binding of the secondary protein to the blotted protein, we used antibodies directed against the secondary protein followed by the ECL light-based detection procedure.
Affinity Chromatography. MBP-BglG (3 g) in 200 l of column buffer (20 mM Tris⅐HCl, pH 7.5͞200 mM NaCl͞1 mM EDTA͞20 mM PMSF) were mixed gently with 20 l of amylose resin matrix (New England Biolabs) for 2 h at 4°C. The resin was then centrifuged for 30 sec at 5,000 ϫ g, washed five times with 1 ml of column buffer, and incubated with RNAP holoenzyme (2 g) or its individual subunits for 16 h at 4°C. After washing the resin five times with 1 ml of column buffer, bound proteins were eluted by gently mixing with column buffer containing 10 mM maltose for 10 min. After centrifugation, the supernatants were analyzed by using Western blot analysis.
Measurements of ␤-Galactosidase Activity. Plasmids expressing the different RNAP subunits were introduced into the E. coli MA200-1 strain, which carries a bglЈ-lacZ fusion on its chromosome and a defective bglF gene [F Ϫ ⌬lacX74 thi srl::Tn10 recA56 bglR11 (bglR::IS1) (Bgl
. Fresh colonies were inoculated into LB, which was supplemented with the appropriate antibiotics, and grown at 37°C for 2 h. Assays for ␤-galactosidase activity were carried out as described by Miller (26) .
RESULTS
BglG Associates with RNAP in the Cell. To determine whether BglG is found in a complex with RNAP in the cell, we tested whether BglG coprecipitates with RNAP when extracts of cells overproducing BglG are incubated with anti-RNAP antibodies. To this end, the bglG gene was overexpressed and labeled with [ 35 S]methionine. BglG was almost exclusively labeled under the conditions employed (Fig. 1, lane M) . The cellular proteins were extracted by a procedure that does not involve denaturation. Incubation of this extract with antibodies against RNAP led to precipitation of [ (Fig. 1, lane 1) . BglG Binds Directly to RNAP. To examine whether BglG can interact directly with RNAP or their association requires accessory proteins, we carried out immunoprecipitation experiments with purified BglG fused to maltose binding protein (MBP-BglG) and purified RNAP holoenzyme. These proteins were mixed and incubated with antibodies against MBP or against RNAP holoenzyme. Precipitation of MBP-BglG or RNAP was detected by probing the blotted proteins with anti-MBP or anti-RNAP antibodies, respectively. MBP-BglG precipitated after incubation with RNAP and anti-RNAP antibodies (Fig. 2A, lane 1) . In the reciprocal experiment, RNAP precipitated after incubation with MBP-BglG and antibodies against MBP (Fig. 2B, lane 1) . To rule out the possibility that precipitation occurred because of interaction of the MBP moiety of MBP-BglG with RNAP, we repeated these experiments with purified MBP protein instead of MBP-BglG. Precipitation of MBP with RNAP and anti-RNAP antibodies was not detected (Fig. 2 A, lane 2) , nor was precipitation of RNAP with MBP and antibodies against MBP (Fig. 2B, lane  2) . These results imply that the interaction of BglG with RNAP is direct and does not require auxiliary proteins.
BglG Interacts with the ␤ Subunit of RNAP. To identify the RNAP subunit that interacts with BglG, we used three techniques: immunoprecipitation, Far Western analysis, and affinity chromatography. The purpose of pursuing the three techniques, in parallel, was to circumvent the possibility that binding of one of the components to antibodies (during immunoprecipitation) or to a matrix (of an affinity column) or denaturation of a component (before blotting for Far Western), will sequester or destroy the binding domain(s), at least partially, or give artifacts. In the experiments described below we used purified MBP-BglG as well as purified RNAP subunits.
We first asked which RNAP subunit can lead to precipitation of MBP-BglG when incubated with antibodies against the respective subunit. The blotted immunoprecipitated proteins were probed with antibodies against MBP. The results are presented in Fig. 3A . MBP-BglG did not coprecipitate with the ␣ subunit (Fig. 3A, lane 1) , some precipitation of MBP-BglG was detected with the ␤ subunit (Fig. 3A, lane 2) , and a strong signal was observed after incubation with the ␤Ј subunit (Fig.  3A, lane 3) . In the reciprocal experiment, MBP-BglG was incubated with each of the subunits in the presence of anti-MBP antibodies, and the blotted immunoprecipitated proteins were probed with antibodies against the respective subunit. The results were essentially the same, i.e., no signal with ␣, a weak signal with ␤, and a strong signal with ␤Ј (data not shown). When MBP, instead of MBP-BglG, was incubated with the purified RNAP subunits, no precipitation of MBP was detected with any of the subunits (data not shown). The results presented here are in agreement with our finding that after the incubation of heat-denatured RNAP with MBP-BglG and anti-MBP antibodies, a signal was detected only with the comigrating ␤ and ␤Ј subunits (data not shown).
We next tested the interaction between BglG and the RNAP subunits by using the Far Western technique. The blotted individual subunits were probed with MBP-BglG and then with antibodies against MBP. Again, no signal was detected with the ␣ subunit (Fig. 3B, lane 1) , a weak signal was detected with ␤ (Fig. 3B, lane 2) and a strong signal was observed with ␤Ј (Fig. 3B, lane 3) . The reciprocal experiment, in which a filter-immobilized MBP-BglG was probed with the individual subunits and then with antibodies against RNAP holoenzyme, gave the same results (Fig. 3C) . When MBP, instead of MBP-BglG, was used to probe the different RNAP subunits or was probed by them, no binding was observed (data not shown). These results are in agreement with results of earlier experiments: when RNAP was fractionated, blotted, and probed with MBP-BglG and antibodies against MBP, only the comigrating ␤ and ␤Ј subunits were detected; when strips of filter with MBP-BglG were incubated with heat-denatured RNAP and antibodies against the individual subunits, only binding to ␤Ј, but not to ␣ and ␤, could be detected (not shown).
Last, we tested which RNAP subunit can bind to MBPBglG, which was immobilized on amylose columns, and elute with the MBP-BglG on the addition of maltose (which replaces the amylose in binding the MBP). When the blotted eluted proteins were probed with antibodies against the different RNAP subunits, only ␤Ј was detected (Fig. 3D) .
The results, obtained with the three different techniques, demonstrate unequivocally that BglG binds to the ␤Ј subunit of RNAP.
BglG Interacts with the N-Terminal Region of ␤ Subunit. To identify the region on ␤Ј that contains the site to which BglG binds, we examined the interaction of BglG with ␤Ј proteins, which were truncated from either the N or the C termini, by using the Far Western technique. Cellular extracts, enriched for ␤Ј or for one of the four truncated ␤Ј proteins, ␤Ј-(1-517 and 1266-1407), ␤Ј-(1-876), ␤Ј-(545-1407), and ␤Ј-(877-1407), were fractionated by using SDS͞PAGE, blotted onto a nitrocellulose filter, and probed with MBP-BglG and then with antibodies against MBP. The results are presented in Fig. 4 . Strong signals were detected with wild-type ␤Ј and with two truncated proteins that contain the N-terminal region of ␤Ј (Fig. 4A, lanes 1-3) . However, no binding of BglG to truncated ␤Ј proteins that lack the N-terminal region was observed (Fig. 4A, lanes 4 and 5) . The failure to detect binding with these proteins was not due to their expression at a lower level (Fig. 4B , compare the levels of the different overproduced proteins). Therefore, we conclude that BglG interacts with a site contained within the first 517 residues of ␤Ј.
The ␤ Subunit of RNAP Competes for BglG Binding in Vivo. The results described thus far demonstrate that BglG interacts with RNAP and that the target for BglG interaction, at least in vitro, is the ␤Ј subunit. To establish which polymerase subunit binds BglG in vivo, we tested whether overproduction of ␤Ј, or any other polymerase subunit, can compete for binding of the cellular BglG and therefore reduce the level of BglG available for transcriptional antitermination (in vivo titration). To this end, we made use of strain MA200-1, which carries a bglЈ-lacZ fusion (a fusion of the bgl promoter and transcription terminator to the lacZ gene) (33) . Because of the constitutive expression of BglG in this strain, lacZ is constitutively expressed. Therefore, MA200-1 forms red colonies on MacConkey-lactose plates and gives high production of ␤-galactosidase units (Table 2) . Plasmids expressing the individual RNAP subunits were introduced into MA200-1 containing pLacI Q . Expression of the RNAP subunits from the different plasmids was from the IPTG-inducible Plac promoter. The ability of BglG to act as a transcriptional antiterminator in the transformed strains was tested by growing them on MacConkey-lactose plates and by measuring ␤-galactosidase activity. The results are presented in Table 2 . Overexpression of the ␣ and ␤ subunits had no effect on lacZ expression, indicating that these subunits cannot titrate BglG. Overproduction of ␤Ј inhibited bglЈ-lacZ expression, as demonstrated by the growth of white colonies on MacConkeylactose plates and by the dramatic reduction in the level of ␤-galactosidase (8 units vs. Ͼ100 units in all of the other cases). Based on these results, we concluded that ␤Ј, produced in excess, was acting as an efficient competitor for BglG binding in vivo, whereas the other polymerase subunits were not. Overexpression of ␤Ј apparently also had an effect on the level of BglG in the cell, because removal of BglG by titration precludes not only transcription of bgl-lacZ, but also of the bgl operon. ␤Ј is therefore the target for BglG binding not only in vitro, but also in vivo.
DISCUSSION
The various proteins known to regulate transcription termination in prokaryotic systems, like termination factor Rho of E. coli and antitermination factors N and Q of bacteriophage , were shown to associate, either directly or through auxiliary proteins, with RNAP (4). At the same time, these factors recognize and bind to specific sequences in nucleic acids; whereas Rho and N bind to mRNA (34) (35) (36) , Q binds to DNA (37) . The RNA-binding proteins of the BglG family antiterminate transcription by a mechanism that differs from the ones suggested for N-and Q-mediated antitermination. The threedimensional structure of the RNA-binding domain of a BglG homologue from B. subtilis, SacY, was determined and it does not resemble known RNA-binding motifs (20, 38) . Antiterminators of this family were shown to bind to specific target sites on the mRNA chains that partially overlap with the terminators and that have the potential to fold into an alternative secondary structure (5, 20) . † It was therefore suggested that binding of the BglG-like proteins to their target sites on the mRNA physically blocks formation of the terminator structures. This model does not necessitate interaction of these proteins with RNAP as part of the mechanism that leads to antitermination. It is reminiscent of the models suggested for the trp and other amino acid biosynthetic operons, as well as for the pyrB1 and ampC operons, in which the ribosomes function as transcriptional antiterminators, which prevent the formation of the RNA terminator structures by stabilizing alternative RNA conformations (4). However, it was also shown that BglG can recognize and bind to its target site on the mRNA only if transcription of the terminator sequence has not been completed, implying that BglG and RNAP are in very close proximity, probably physically touching each other (5) . In fact, the partial overlap of the BglG-binding sequence with the terminator sequence, which makes their presence mutually exclusive, demands that the BglG recognition sequence is bound by BglG immediately as it emerges from the RNAP. Thus, unlike the case of attenuation at amino acid biosynthetic operons and pyrB1, when the close proximity of ribosomes is determined by an RNAP pause, in the case of the bgl system, BglG must be recruited to the polymerase. The results presented in this paper demonstrate that BglG interacts with the transcription machinery and that this interaction is specific and occurs with a site that is contained within the 517 N-terminal residues of ␤Ј subunit of RNAP.
The reason that BglG needs to dimerize to act as a transcriptional antiterminator is not understood. Many DNAbinding proteins that regulate transcription act as dimers. However, these proteins bind to DNA sequences that exhibit dyad symmetry, i.e., they contain two binding sites, whereas the RNA sequence to which BglG binds contains only one binding site. Yet, much less is known about the mode of action of RNA-binding proteins in comparison to DNA-binding proteins. The need for BglG dimerization to bring about antitermination may reflect a concomitant interaction of BglG with RNA and with RNAP, each mediated by one of the dimer subunits. Alternatively, dimerization of BglG may be needed for the formation of the RNA-binding site. In the latter case, one of the RNA-bound dimer subunits, or both, may concomitantly interact with the RNAP. In the case of class I promoters, although both of the identical subunits of the E. coli catabolite gene activator protein (CAP) dimer bind to DNA, only one of them interacts with the ␣ subunit of the RNAP (39) .
According to our results, the binding of BglG to RNAP, at least in vitro, can occur in the absence of RNA. Nevertheless, it is possible that in vivo the binding of BglG to the RNA transcript is required for, or facilitates, the BglG-RNAP recognition or binding. Because in the uninduced conditions, there are only few BglG molecules in the cell, there should be a mechanism that will direct these molecules to the small subset of RNAP molecules engaged in transcribing the bgl operon. So far, the only known property of BglG that might facilitate polymerase choice is its ability to bind the to the bgl mRNA. Thus, it is possible that at physiological concentrations of BglG, there is little, if any, binding to RNAP, but under inducing conditions binding is facilitated by BglG-mRNA interaction, which juxtaposes BglG with polymerase molecules engaged in bgl transcription. The low concentration of BglG in the cell makes the opposite model, i.e., that BglG is recruited to the transcript because of its affinity to RNAP, less likely. The fact that overexpression of BglG affects cell growth does not help in discerning between these models, because this phenomenon can result from perturbation of general transcription because of binding to RNAP or from nonspecific binding to RNA or to other, as-yet-unknown, BglG-binding proteins. Another option is that BglG binding to RNAP may be independent of the RNA-binding property of BglG. We have preliminary evidence that demonstrates that truncated BglG proteins lacking the RNA-binding site did not lose the ability to bind to the RNAP in vitro (unpublished results). It was shown by L. Rothman-Denes and coworkers (40) that the single-stranded binding activity of the N4SSB protein from bacteriophage N4 is not required for the ability of this protein to bind to the ␤Ј subunit of RNAP and to activate transcription. One of the explanations suggested by the investigators for their results is that N4SSB does not activate transcription by ''tethering'' the RNAP to the promoter but rather by facilitating subsequent steps in transcription. One might speculate that the role of BglG binding to the polymerase may be to facilitate subsequent transcriptional steps rather than in antitermination per se. For example, interaction of BglG with RNAP may activate the elongation complex (post-antitermination), thus guaranteeing full transcription of the operon. If BglG has a role in post-antitermination transcriptional steps, it could imply that BglG continues to interact with the polymerase and travels with it beyond the antitermination site. An in vitro system with purified components, not available yet, that faithfully imitates the in vivo events during antitermination in the bgl operon, will hopefully enable us to address these questions in the future and whether proteins other than BglG participate in the BglG-promoted transcription antitermination and͞or elongation.
Accumulating evidence indicates that the ␤Ј subunit of RNAP is involved in transcription elongation and termination. First, ␤Ј was shown to interact both with DNA and with RNA, specifically with the RNA 3Ј terminus (41) (42) (43) (44) (45) . Many of these interactions are with sequences that are known to influence pausing and termination (46) . Second, substitutions in homologous segments in ␤Ј and in the eukaryotic RNA polymerase II largest subunit, which is a homologue of ␤Ј, were shown to confer resistance to antibiotics that block transcription elongation [streptolydigin and ␣-amanitin, respectively (47, 48) ]. Third, a mutation in ␤Ј was shown to suppress the rho201, allele which produces a defective Rho termination factor (49, 50) . Fourth, mutations in rpoC, which block Nun-dependent termination at nutR have been isolated (51) . Fifth, discrete regions in ␤Ј that are involved in transcript elongation and The experiment was carried out in MA200-1 which carries a bgl-lacZ transcriptional fusion and expresses bglG constitutively because of a mutation in bglF (33) . *IPTG was added to a final concentration of 0.5 mM to plates and 1 mM to liquid medium. † The values represent the average of four independent measurements. IPTG, isopropyl ␤-D-thiogalactoside. ND, not determined.
termination were identified by the characterization of termination-altering amino acid substitutions in this subunit (52) . Most of these regions are conserved in the eukaryotic homologues of ␤Ј. Finally, substitutions in the putative zinc-finger domain in the N-terminal portion of ␤Ј were shown to block factor-independent antitermination and increase termination in coliphage HK022 DNA (53, 54) . The involvement of different regions of ␤Ј in transcription elongation and termination͞antitermination seem to reflect the different interactions of ␤Ј with the different components of the transcription complex, i.e., DNA, RNA, or transcription factors. The fact that the BglG-binding site is contained within the N-terminal portion of ␤Ј, to which the mutations that block factorindependent antitermination of phage HK022 transcription and suppress the rho201 allele, were also localized, may be significant. The localization of the BglG-binding site to the N-terminal region of ␤Ј may explain the weak binding observed with some techniques between BglG and ␤, because the first 330 residues in ␤Ј and ␤ show weak sequence similarity (55).
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